@ QOutline:
> Summarize the existing techniques for top

mass determination (CDF and D) in the
dilepton, lepton+jets and multijets channels

® Emphasizing on some "positive” and "negative”
features of the techniques |

@ This talk doesn't cover an event selection, or problems how
to create top reach data sample(s)
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® BR(t -Wb) =100 %
Both W's decay via W — v
final state: lv v bb -
DILEPTON channel
One W decays via W — Iv

final state: lvqq bb -
LEPTON+JETS channel

Both W's decay via W — qq
final state: qq qqbb -
ALL HADRONIC channel

® S/B~7/1,1/6,1/200
® Tagging algorithms
Low Preand pu from:b =l, b - ¢ — |

b-quark has a long lifetime
ct~450um; b hadrons (P+~50 GeV)
travel L,,~ 3 mm before decay
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We-e (1/81)
Emu-mu (1/81)
Wtau-tau (1/81)
We -mu (2/81)
e -tau (2/81)
B mu-tau (2/81)
We+jeis (12/81)
Emu+jets{12/81)
Wtau+jets(12/81)
DOjets (36/81})

Charged
Particles
- 17 >
F
. Secondary
Vertex Parameter
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A top mass analysis (diagram)

Input parameter
=fop mass

120...175,..220 GeV

Input A

Parameter!=to p'
. mass
2Resolution checks estimator

2 BB calibration checks
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2 Calibration:

® using ensemble tests éET) or
pseudo experiments (PE)
repeat many times (at least
lKg the reconstruction
procedure sugmzin the MC
samples for UT A

vary the input top mass e e bz to
° plot the pulls from PE A
e _ . input 2 o i P TP

Pull = ("% mmp ) % |
(a.rec)2 i F
° If the BB is calibrated, pull| - ]l { AR I S
= 6(0.1) ..
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2 Ensemble test:

signal (HERWIG

170, 175,180)
+background
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2 /+jets channel — 24 combinations:

® 12 correspond to the jet parton
match; every combination has two
solutions for neutrino p,
momentum

® We impose: M,;=M,,, M(jet,jet) =
M(Zv) = M, . 2-C fit was applied. The
combination with lowest —In(L) is
chosen. Seems easy |

b-jet

5 vertices:
20 constraints

? Every kinematical fitting program will
work (for example SQUAW)
® Create an own likelihood function and
use multifunctional MINUIT to do
the job ... Example CDF %2
B-B) J=UY (M, -M, M,-M, M, ,-M) M,~M)
gz=z( roﬁr) +.-§,(aof?) N wai.- 7, ﬁoﬁw W, boff y “oi )
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2 No V'S - ali J€‘|'S are measur'zd
® Because of low S/N additional
kinematical cuts have to be applied.

¥ Resolution: dominate the
combinatorial effect - 90 permutations.

® Kinematic fit to individual events (5C
or 3C fit).

® Permutaion with lowest 2 is chosen
Experimental mass distribution is
compared to the 1+ MC plus

background sample(s) (usually QCD
data).

x Z(P” ‘E’) (va.“MW) (M "Mw}z (Mm"M)z (Mw"M)‘
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Dilepton mass measurement

- i
ot Pt i

° Dilepton events - under
constrained kinematics

® Additional constraint is needed

® L et's assume that we know one
of the kinematical parameter -
O CF. We can solve the
kinematics | '.

®If we integrate (or sum) over ‘Particles [Unknowns
the parameter phase space and s "
sum over pairing combinations - e
the result is one number. b's

®Next step: compare to the MC -
prediction vl

b-jet
S vertices:
20 constraints

Bl w wo oo o=
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Matrix-Element Weighting

dExtension of ideas proposed by |
R.l(—ll.glg%l)ifz and G.R. Goldstein, Phys. Rev. D 45, 1531

®Use the weight
W (m,)= Alm, )f () (Z)p(E* (€)|m, )p(E * (2)| m,)

® £(x): Structure function (PDF) for valence quarks

(&*(¢)| m,) : Probability distribution for the energy of
*P the charéed lepton in ¥he top rest frame 7

® A(m,) : Normalization factor

@Sum over both possible pairings of b6-jets with
leptons

-quuaris phorsics for Baoan L0 8 bogroad.
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How to calculate W(m;)?

. - -~ . - "

e - R Tana T

@ Additional constrain is assuming value for the top
quark, or O CF

® Solve for top and tbar momenta
® two quadratic equations for v momenta or
0, 2, 4 solutions

® In addition we have two ways to pair leptons and
Jets
® Final weight is average over all solution weights
CDF and D@ use this method

r
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2 Aufhors of ‘rhe me‘rhod M S‘rr'ownk E. Varnes D@
® Assume a top mass (/n,) and a rapidity for each neutrino (n;n, )
® The event can then be solved without using the measured missing El

® Assign the weight based on the agreement betwee The calculated
neutrino pr (pr(vv)) and the measured missing

W(m,,ﬂpﬂz)- )y Hexp[ ol (Vﬂ’z ))Z}

, Saluﬁnns k=x,y 26(E )2
® Tntegrate over fhe neufr'mo r'apldi‘ry phase space:

il 1), ), )

® Approx:ma‘re prior ebabllrl'les p(n, | m,) by gaussians with widths
taken from top Monte Carlo
® Tn additional average the weight over
v momentum solution
jet/lepton paring .
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(VWT) cont.

® Detector resolution: ‘ — f h
L 0.6 :
Vary values of observables by 2 " ‘ 0a | |
experimental resolution and Z ol - ol
repeat weight calculation (MC N T A
in‘]'egr'a‘l'ion) 0 o 150 200 250 O Too 150 200 250
08 i epl #3 2 L ee #1
® Gluon radiation: gl L5 |-
' ‘g 4 - 1 -
Repeat weight calculation for o2} st
all possible assignments of 3 0 Sle—ioolesled 0 L e
leading jets 1 .
15 - 03 -
Calculate weighted average gL 02
over all jet permutation * sl o
® CDF uses this method for the O % 10 00 20 0 100 10 20 250
official dilepton mass analysis ™ (61) ™ (V)

® Both methods dependonMC!
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® The method ekploifs the CDF 1+jets top mass

determination procedure.

Minuit based method

R s

@ If we know some kinematic characteristics of the
event: we can constrain the fit. After this we
have to vary these characteristics and weight

the solutions.

@ How to constrain the fit? We selected ¢,y, ¢,

® They are homogeneous between
O+2rn (easy to integrate
in @,1, 0,2 plane).

® The distribution is
MC independentl!!l
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-\ "\ Minuit based method (cont.)

a S om0 T ™ -

. i

. W omedtiot

2 We have a linear sz/s’rem: |
pt'icos @, +Pp7'2COS @y = MET,
p'l'w1 Sin ¢y * pTv2sin P2 = METy

2 Problem: the system has no solution in case of @, -
Oy, =KT, px,yv are =~ 1/Sin((pv1 - (PvZ)

@ When we fix ¢,,, ¢,, we have 1 CF.

@ The y2 is similar as in thel+jets case:

x? = Resolution + Constrains, where
-t g (PP’

Resolution =

i=1,2 Uiz j=1,.E;>8GeV C f
(UE' - UE!)? |
+ Z Vi2
i=x,y _ UE

Constrains = (my,m, = mg,witho, =2.1,0, = 2.8GeV/c?.
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@b Minuit based method (cont.)

2 The solutions are 8 for every point, or if we have

n,, Xn,, points in @,;, 9y, plane , it will be
corresponded to 8xn, xn,, minimization per

event. It was used n,, =h,,=12, (1152 per event).
2 The output for every event is: %2k and MTP; s\,
i=1,12, j=1,12, k=1,8. |
@ The minimal 3 ;x solution for every point in the o,
¢, plane was selected.
@ Mop. . (for minimal 2 ; solution) is weighted with

d i | |
exp(- x%;/2)/W, where WziZjZ exp(- x2;/2).
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Why

i e

e

°® This method does not depend

on low level MC distributions

® Event kinematic fitting uses ﬂ |

an algorithm which is very | °%=

close to the lepton+jet

100 200
Nrun=41540 Nev=127085

300

procedure - proved
® We do not apply any cuts. The &

di

0.155:
N

templates are the simple

Erobability

100 200
Nrun=47122 Nev=38382

sum of p.d.f. for every event|©..:

?|..ﬂ|l el

100 200 300
Nrun=87581 Nevs=120B06

0.15 !5
0.1 , '
0.05 ‘
GJ; |!”1_-fn1|-1||1
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0.3 p
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o Bl bl
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03 F
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2The result is:

M,,, =170.7:05 GeV /c* constrained fit

*%¢ GeV / ¢® non - constrained fit

Ny =&.  events

- rey - |

M = 170.7+/-10.3(stat) GeV/c ?

r = Data (8.0 Ev.)

I B Back(1.3Ev.)
iz Back. + Top

+ const.

L Y
L

2_.

ln([..ikekl"ghood)
T I T T

- 0.8

1 | 111 J 1t 1 | 111
140 160 180 200
Top Mass (GeVic )

-
=

Events

00 150 200 280 300 350
Reconstructed Mass (GeV/c?)

(thi'hkshopz G.Velev 17

11/11/°00 gttty ol




. ot 28

® What exactly is the box Compare?

® Depending on the BB Outputs 1 and

2 we could distinguish Two
general cases

® Outputl and outputl are

histograms. In this case, the
binned LH will work for the

comparator. Problems:
® how to incorporate the

finite MC statistics in

the final result

® what is the optimal size of

the histogram bin

® how to defterminate the
top mass and the its
uncertainty

&

Events/15 (GeV/c)
&

[ Top (M=175)
Bockground

|

e
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Parameterized MC PDFs
(parameterized templates)

-~

2 Lef's ame for a momen‘r we know the
analytical output from BB2. The comparator

has a form |
Lo, = [T @-%)5.(0M,,M,,,,8) = %,£,(M . B)

where: M,,, is onl unconstrained parameter, f,,are the signal and
backgrotind PDFs, X, is a background fraction, M;are
reconstructed masses for N events -

» How to find analytical form of PDFs f¢,?

® One solution is to use the 1'echni7ue of Probability Density
Estimation (L. Holmstrém et al., Comp. Phys. Comm. 88, 195
(1995?) The idea is to insert a n-dimensional (n=2) Gaussian
kernel at the position of each MC point.
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Parameterized MC PDFs, conft.

= R

-— :-g,:g!’:,_.-__.., SR R p _ . il A T Lo o 7,:!,4‘:,&-&3"!’?: e 7 e ey e e
™ = R e o

i S T

@The CDF analyses, a following parameterization

se
of the Output?2 is used

f(M ;Mmp !d:) = {,PI5N1¢I(M 9p1’2'3)+ (1"’ pﬁ)quoz(M , p4‘5)}
N; == p§1+§'1)r‘3(1+ pz) qpl — (M _ pl)2e-p3(M-pl}

1 M-py.2

- (54

Ps

N, = (‘\123‘ ps)” @,=e
[N M)= [N,p,(M)=1 Y5

and each of 6 p,is assumed to depend linearly on top mass
p,=a,+a, (M, —175)

® For background PDF we do not assume linear

dependence on the parameter M,
11/11/'00 \ | thinksho;)g] G.Velev 20
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Results
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2 Or the final for'm of our compamfor is

N oyents -
Loupe = 1;[ (A=) 1, (M M, @) = 2., (M, P)),

Ly =S80 (@~ U @~G0) + (BB V™ (B -B, )3}

Lbackgmam{_ - chb) L=L hape XL paramérers X Lbackgmﬂnd

® Where the vectors o and 3 are the parameters,

constrained to the result of the parameterization via

their covariance matrices U and V.
® And that's it ...
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And the result ...

(=]

3 i
> | 84
3 | 3y
<8 g1
s =
i . 2 [
E i E F 05
> 6 | 0
m | ' BN I NI |
140 160 180 200
i \ Top Mass (GeV/c 1}
. L i ,
2
IIII!!JI

100 IS0 250 300 350
Reconstructed Mass (GeV/c?)

11/11/'00 [th irniks ?i'"épﬂ G.Velev 23

top-aaerk physics for Tun I & begozd




o -~ : » , P
- - ‘-’ " e T ::-"‘“,lj gl e e TS y o - oSS r‘r'-" S T L N T
e L. g —— T 1 SR R S o gl e e S

@ The existing techniques for top mass
determination (CDF and D@) in the dilepton,
lepton+jets and multijets channels are
summarized

® A CDF dilepton top mass estimator, similar to
lepton + jets estimator, is introduced. It was
proved to work.

@ A method of the "parameterized templates” used
in the CDF top mass analyses is discussed
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